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(54) Swing control apparatus for Industrial vehicle 

(57) An industrial vehicle for conveying a load 
mounted thereon has a frame. A pair of front wheels is 
rotatably mounted on the frame. Each front wheel 
includes an outer tire and an inner tire. A rear axle is piv- 
otally supported on the frame. A pair of rear wheels is 
rotatably mounted on the rear axle. A restriction appara- 
tus is provided for selectively permitting and restricting 
the pivotal motion of the rear axle in accordance with 
the state of the carried load. A detecting device is pro- 
vided for detecting a center of gravity of the vehicle. The 
restriction apparatus permits the pivotal motion of the 
rear axle when the center of gravity is located within a 
predetermined stable zone. 
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Description 

The present Invention relates to a s>wing control 
apparatus for an industrial vehicle, such as a fbrklift, 
which controls vertical swinging of the axle of the vehi- 
cle. 

Conventional forfdifts are typically designed in such 
a manner that the rear axle is supported swingable in 
the vertical (rolling) direction with respect to the body 
frame to improve the riding comfort and traveling stabil- 
ity of the fbrWifL Further, the center of gravity of a fbrWifl 
varies in accordance with various factors, such as the 
weight of the canied load and tfie lifted height of the car- 
ried load. As the rear axle swvings, the center of gravity 
of the vehicle is likely to shift in the right and left (lateraQ 
directions. This causes the vehicle to loose lateral sta- 
bility. To avoid such a shortcoming, swinging of the axle 
of the conventional forMift is temporarily restricted such 
as when the forklift carries a heavy load, when the load 
is lifted to a high position, or when the fbrklift makes a 
fast turn. 

For example. Japanese Unexamined Patent Publi- 
cation No. 58-167215 discloses a mechanism for 
restricting swinging of tiie rear axle when the carried 
load on the fork becomes equal to or greater than a pre- 
determined weight and when the elevated position of 
the carried load becomes higher than a predetermined 
position. Generally, the vehicle center of gravity must be 
kept in a stabilizing zone, which lies within a plane 
defined between the contact points of the ground and 
the four tires of the fbrklift, to maintain the vehicle in a 
stable state. 

A heavier load weight or a higher load position 
causes the vehicle center of gravity to shift laterally out 
of the stabilizing zona Therefore, in the forWifl of the 
aforementioned publication, tiie swinging of ttie rear 
axle is restricted in accordance witii the load weight and 
the load height to guarantee stability of the vehicle. 

When the forMift carries long objects such as tunv 
ber, it is difficult to hoki the object so tiiat the object*s 
center of gravity is substEmtially aligned with the center 
of the forWift That is, the center of gravity of the object 
may shift away laterally from the center of the fbrklift 
Furthenmore. the object may swing in the roll direction of 
the fbrklift when being transported. This may also later- 
ally shift the object's carter of gravity. In other words, a 
wider stabilizing zone is advantageous for lateral stabil- 
ity of the vehicle during transportation of objects. 

One simple way to achieve a wider center of gravity 
stabflizing zone is to use double tires on each frorrt 
wheel. The enrployment of the double tires increases 
the lateral width of the stabilizing zone. That is. the width 
of each outer wheel contiibutes to an increase in the 
width of the stabilizing zone. The lateral stabQtty of the 
front portion of the vehicle is enhanced as compared 
with an ordinary forkifl, which employs single tires for 
the front wheels. Since the use of doiJsle tires signifi- 
cantly widens the stabilizing zone, the fbrkOft can carry 



long loads, such as lumber, in a stable manner. 

A mast of a double-tire fdrWift may be tilted toward 
the front when carrying lumber or the lika Under such 
situation, the center of gravity of the vehicle moves 

5 toward the front portion of tiie vehicle, or to the front por- 
tion of the stabilizing zone. If swinging of the rear axle is 
restricted in this state, as shown in Figures 1 0 and 1 1 , 
when rear wheels (51) of a fbridift vehicle (50) ride over 
a protruding portion 53 on a ground 52. tiie rear portion 

10 of the vehicle 50 is elevated, while botii front wheels 54 
remain at the ground level. As a result the vehicle 50 is 
tilted fon^vard. This shifts the vehicle center of gravity to 
a further fbnAard position and degrades Uie stability of 
the vehicle 50 in the fbnward direction. 

15 Accordingly, it is an object of tiie present invention 
to provide a swing control apparatus for an industrial 
vehicle that suppresses the forward tilting of the vehicle 
to maintain longitudinal stability of the vehicle while also 
maintaining lateral stability when the rear wheels of the 

20 vehicle rkle over a protruding portion witii the vehicle 
center of gravity located at the front portion of the vehi- 
cle. 

To achieve this object, an industrial vehicle for car- 
rying a load includes a frama A pair of front wheels are 

25 rotatably supported by the frarrie. Each front wheel is fit- 
ted with an outer wheel and an inner wheel. A rear axle 
is supported by the frame. The rear axle is pivotal with 
respect to the frama A pair of rear wheels are rotatably 
mounted on the rear axle. A restriction apparatus selec- 

30 tively permits and restricts the pivotal motion of the rear 
axle in accordance with the carried load. A detecting 
device is provided for detecting a center of gravity of tiie 
vehicle. The restriction apparatus permits the pivotal 
motion of tiie rear axle when the center of gravity is 

35 located within a predetermined zona 

Otfier aspects and advantages of the invention will 
become apparent from the following description, taken 
in conjunction with the accompanying drawings, illus- 
trating by way of example princ^les of the invention. 

40 The invention, togetiier with objects and advan- 
tages thereof, may best be understood by reference to 
the following description of the presently preferred 
embodiments together with tiie accompanying drawings 
in which: ■ 

45 

Rgure 1 is a schematic structural diagram showing 
a swing control apparatus for a foridift^according to 
the present invention; ^' 

50 Rgure 2 is a side view showing the forkGft of Figure 
1; 

Rgure 3 is a schematic structural diagram showing 
a hydraulic circuit; 

55 

Rgure 4 is an electric block cfiagram showing a con- 
trol unit; 
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Rgure 5 is a schematic diagram showing a gravita- 
tional-center stable zone, a frontward stable zone, 
and the gravitational center of a vehicle: 

Rgure 6 is a schematic diagram showing the rear 
cude and the body; 

Rgure 7 is a flowchart of a swing control process; 

Rgure 8 is a flowchart of the swing control process; 

Rgure 9 is a flowchart of the swing control process; 

Rgure 10 is a schematic diagram depicting a con- 
ventional fbrklift with the rear axle under swing 
restriction; and 

Rgure 11 is a schematic diagram showing the rear 
axle of the forkiift of Figure 10 under swing restric- 
tion. 

The present invention will now be described refer- 
ring to Rgures 1 through 9. 

Figure 2 shows an industrial vehicle, or four-wheel, 
front-drive, rear-steering forWift 1. Tiltably supported at 
the front portion of the base of the forkiift 1 are outer 
masts 2 between which an inner mast 3 is supported in 
a vertically movable manner. A fork 4 is supported on 
the inner mast 3 in vertically movable manner. A 
sprocket wheel 5 is provided at the upper end of the 
inner mast 3. The upper ends of the outer masts 2 are 
connected to the fork 4 by a chain (not shown), which is 
meshed with the sprocket wheel 5. Coupled to tiie front 
portion of the base are tilt cylinders 6 whose piston rods 
6a have distal ends connected to the outer masts 2. Lift 
cylinders 7 are located on the rear side of the outer 
masts 2. and the dtetal ends of their piston rods (not 
shown) are coupled to the upper end of the inner mast 
3. Front wheels 8 located at the right and left front por- 
tions of the base are operate coipled to an engine via 
a differentia] gear 9 and a transmission system (not 
shown). 

As shown In Rgure 1. provided at the lower portion 
of the outer mast 2 is a reel 11 . A wire (not shown) hav- 
ing an end connected to the inner mast 3 is wound 
around the reel 11. The reel 1 1 is urged in a direction 
that winds the wire. The reel 1 1 is provided witti a height 
sensor 12 for detecting the total nun^er of rotations of 
the reel 1 1 . Each lift cylinder 7 is provided with a wei^t 
sensor 1 3 for detecting the f lukd pressure inside the cyl- 
inder 7 based on the weight of a load. Each tilt cylirxier 
6 is provided with a mast angle sensor 14 for detecting 
the tilt angle of the cylinder 8. An outer tire 8a and an 
inner tire 8b are mounted on each front wheel 8. 

As shown in Rgures 1 and 3, a rear axle 16 is sup- 
ported pivotally about a center pin 17 in the vertical 
direction (rod direction), under the rear portion of a body 
frame 15. An elastic memb^ 15a is arranged between 



the body frame 15 and the rear axle 16. Rotatabl king 
pins (not shown) are supported on tiie right and left 
sides of the rear axle 16. Steered wheels 19. which are 
operably connected to a steering wheel 18 (shown in 

5 Rgure 2), are supported on tiie king pins so that the 
wheels 1 9 may be tumed to steer tiie forWifL 

As shown in Rgure 1 , a steering angle sensor 20 is 
eirranged on one side of the rear axle 16 to detect the 
turning amount of tiie associated king pin. or tiie wheel 

10 angle. Near the dfferential gear 9 is a vehicle speed 
sensor 21 which detects the number of rotations of the 
gear 9 per unit time. 

As shown in Rgure 3, a multiple action type hydrau- 
lic cylinder 22 is provided between the body frame 15 

IS and the rear axle 16. A cylinder tube 23 of tiie hydraulic 
cylinder 22 is coupled to the body frame 1 5. A piston rod 
24 extendng from the cylinder tube 23 has one end 
coupled to the rear axle 16. The other end of the piston 
rod 24 is secured to a piston 26. which partitions the cyi- 

20 inder tube 23 into a first oil room R1 and a second oil 
room R2. The first oil room Rl and the second oil room 
R2 are connected to an electromagnetic control valve 
28 via conduits, or pipes 27a and 27b. respectively. The 
hydraulic cylinder 22 serves as a hydraulic damper for 

25 absorising the swinging of tiie rear axle 16 with respect 
to tiie body frame 15. The hydraulic cylinder 22 also 
serves as a lock cylinder for restricting the swinging of 
the rear axle 1 6 with respect to the body frame 1 5. 
in this embodiment the electromagnetic control 

30 valve 28 is a normally closed, fourrport, two-position 
sv/itch valve. The four ports are denoted by the refer- 
ence alphabets of "a*, Td", "c". and "d". A block position 
28a and a communication position 28b are defined in 
tiie electromagnetic control valve. When an electromag- 

35 netic solenoid 29 is deexcited, the electromagnetic con- 
trol valve 28 is switched to the block position 28a to 
block tiie flow of tiie hydraulic fluid between the ports a 
and c and between tiie ports b and d. When the electro- 
magnetic solenoid 29 is excited, the electromagnetic 

40 control valve 28 is switched to the communication posi- 
tion 28b to establish commur^cation between the ports 
a and c and between the ports b and d. The pipe 27a is 
connected to the port a of the electromagnetic control 
valve 28. while the p'^e 27b is connected to the port b. 

45 An accumulator 31 is connected via a pipe 30 to the 
ports c and d. A control unit 32 is provided on the body 
frame 15. y 

The electric structure of the swing control appara- 
tus will now be described. 

so As shown in Rgure 4. the height sensor 12, tiie 
weight sensor 13, the mast angle sensor 14. tiie steer- 
ing angle sensor 20 and the vehicle speed sensor 21 
are electrically connected to the control unit 32 to which 
the electromagnetic solenoid 29* is electrically con- 

55 nected. 

The steering angle sensor 20 sends a steering 
angle signal to the control unit 32 based on the tuming 
amount of tiie king pin that conresponds to the steering 
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angle 91 of the rear wheels 1 9. The vehicle speed sen- 
sor 21 sends a vehicle speed signal to the control unit 
32 based on the number of rotations of the differential 
gear 9 that con^esponds to the vehicle speed V. The 
height sensor 12 sends a height signal to the control 5 
unit 32 based on the total number of rotations of the reel 
1 1 that corresponds to the height Hs of the fork 4. The 
weight sensor 13 sends a weight signal to the control 
unit 32 based on the hydraulic pressure that corre- 
sponds to the weight Ws of the load. The mast angle 
sensor 14 serxis a mast angle signal to the control unit 
32 based on the tilt angle of the tilt cylinder 6 that corre- 
sponds to the tilt angle 02 of the outer mast 2. 

As shown in Rgure 4, the control unit 32 has a 
microcomputer 33 which includes a central processing 
unit (CPU) 34. a read only memory (ROM) 35 and a ran- 
dom access memory (RAM) 36. The control unit 32 fur- 
ther has an electromagnetic valve drive circuit (not 
shown) which receives and outputs signals for driving 
the electromagnetic solenoid. A plurality of A/D convert- 
ers (not shown), which are respectively connected to 
the individual sensors 12, 13, 14, 20 and 21, convert 
analog signals sent from the associated sensors to dig- 
ital signals and then sends the digital signals to the con- 
trol unit 32. 

In this embodiment* the height sensor 12. the 
weight sensor 13. the mast angle sensor 14 and the 
control unit 32 constitute a gravitational center detector, 
and the hydraulic cylinder 22, the electromagnetic con- 
trol valve 28 and the control unit 32 constitute a swing 
restriction device. Further, the control unit 32 consti- 
tutes a gravitational center determining device and a 
swing restriction prohibition device. 

The ROM 35 stores a control program for executing 
a swing control process which temporarily restricts the 
swinging of the rear axle 16. The swing control process 
is executed to prevent excessive swinging of the rear 
axle 16 with reject to tiie body frame 15 and stabilize 
the vehicle. The ROM 35 also stores a set value GO of 
the lateral acceleration, a set value yO of tiie rate of 
change in the yaw rate, a set value WO of the weight, 
and a set value HO of the lifted height The individual set 
values GO, yO, WO and HO are predetermined reference 
values that are compared with the associated detection 
values when executing the swing restriction control. The 
RAM 36 temporarily stores the results of operations per- 
formed by the CPU 34. 

The CPU 34 is activated when the ignition key (not 
shown) is switched on. Based on the control program, 
the CPU 34 continuously supplies exdtation cun^ to 
the electromagnetic control valve 28 via the electromag- 
netic valve drive drcurt to activate the electromagnetic 
control valve 28. The CPU 34 receives the v^ide 
speed signal, the steering angle signal, the height sig- 
nal, the weight signal, and the mast angle signal via the 
respective A/D convalers, ard repeatedly executes the 
swing control process based on these signals for every 
predetermined time period. 



In the swing control process, the CPU 34 computes 
the steering angle 91 from the steering angle signal, 
and computes the tuming radius r of the vehicle from 
the steering angle 01. The CPU 34 also calculates the 
vehide speed V from the vehide speed signal. Using 
tiie computed steering angle 01 and vehicle speed V, 
tiie CPU 34 calculates the lateral acceleration Gs from 
the following equation (1). 

Gs = V^/r (1) 

Then, the CPU 34 determines if the computed lat- 
eral accel&ation Gs is equal to or greater than the set 
value GO. When the lateral acceleration Gs is equal to 
or greater than the set value GO, tiie CPU 34 deter- 
mines that the tuming state of the vehicle degrades tiie 
lateral stability of tiie vehide. Thus, the CPU 34 stops 
outputting the excitation current and restricts the swing- 
ing of tiie rear axle 16. The set value GO of tiie lateral 
acceleration Gs is set based on the weight of the load 
and the lifted height so that tiie vehicle canrying tiie load 
can stably turn. 

The CPU 34 computes tiie rate of change in yaw 
rate Aco/ATfrom an equation (2) described below using 
tiie steering angle 01 calculated from the steering angle 
signal, the tuming radius r calculated from tiie steering 
angle 01 and the vehicle speed V calculated from the 
vehide speed signal. 

Acx>/Af = Vx A(1/r)MT (2) 

In the equation, A(1/r) Is the amount of change 
(deviation) of tfie redprocal 1/rof the tuming radius r per 
predetermined time AT (e.g., several scores of millisec- 
onds). The deviation A(1A) is computed from an equa- 
tion A(1/r) = |1/r - 1/rb| (where rb is the tuming radius 
taken a predetenmined time AT earlier) using data of 
several previous steering angles 01 (once in the prede- 
termined time AT), the steering angle data Ob taken a 
predetermined time AT earlier and the reciprocal of the 
tuming racfius that is determined from the steering angle 
data eb. 

The CPU 34 determines if tiie calculated rate of 
change in yaw rate Aco/At is equal to or greater than the 
set value yO. When the rate of change in yaw rate Aco/At 
is equal to or greater tiian the set value yO, tiie CPU 34 
determines that the tuming state of ^ the vehicle 
degrades tiie lateral stablity of tiie vehrcfa Then, the 
CPU 34 stq3s supplying the exdtation current to restrict 
the swinging of the rear axle 1 6. The set value yO of the 
rate of change in yaw rate Aco/At is set based on the run- 
ning tests and theoretical computation. In this emtsodi- 
ment. the lateral acceleration Gs and the rate of change 
in yaw rate Aco/At are equivalent to detection values cor- 
responding to the turning state of the vehide. 

The CPU 34 computes the lifted height Hs from the 
height signal and determines if the lifted height Hs is 
equal to or greater than the set value HO. When the 
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lifted height Hs is equal to or greater than the set value 
HO. the CPU 34 determines that the vertical position of 
the gravitational center of the vehicle Pg at the lifted 
height Hs degrades the lateral stability of the vehicle 
when th rear axle 16 swings. Then, the CPU 34 stops 
supplying the excitation current to restrict the swinging 
of the rear axle 16. 

The CPU 34 computes the weight Ws from the 
weight signal and determines If the weight Ws ^ equal 
to or greater than the set value WO. When the weight 
Ws is equal to or greater than the set value WO. the 
CPU 34 determines that the vertical position of the vehi- 
cle's gravitational center Pg when carrying a load 
degrades the lateral stability of the vehicle if the rear 
axle 16 swings. Then, the CPU 34 stops supplying the 
excitation current to restrict the swinging of the rear axle 
16. 

In this embodment rf the lifted height Hs is equal to 
or greater than the set value HO or if the weight Ws is 
equal to or greater than the set value WO, swinging of 
the rear axle 16 is restricted in accordance with the 
state of the load. 

The CPU 34 computes the mast angle 92 from the 
mast angle signal. Based on the mast angle 62. the 
lifted height Hs computed from the height signal and the 
weight Ws computed from the weight signal, the CPU 
34 estimates the longitudinal position of the vehicle's 
gravitational center Pg with respect to a center line Lc 
extending along a horizontal plane, as shown in Rgure 
5. 

The gravitational center Pg of the vehicle will now 
be discussed. 

Rgure 5 shows various gravitational-center stable 
zones Ag. Bg. Cg and Dg. which are defined between 
contact points of the ground with the front wheels 8 and 
the rear wheels 1 9 in a double-tire vehicle and a single- 
tire vehicle. In Rgure 5. the inner tire 8b of the double- 
tire vehicle corresponds to the front wheel of the single* 
tire vehicle. 

The center line Lc of the double-tire vehicle and the 
single-tire vehicle connects a point Pfc, which lies in the 
center of ground points PfO where the right and left 
outer wheels 8a contact the ground, to a point Pre. 
which lies in the center between the ground points Pr 
where the right and left rear wheels 19 contact the 
ground. 

For the double-tire vehicle, the gravitational-center 
stable zone defined on a horizontal plane with the rear 
axle 16 under swing restriction is a trapezoidal area Ag 
which is formed by connecting the ground points pfo of 
both outer wheels 8a and the ground points Pr of both 
rear wheels 19. When the vehicle's gravitational center 
Pg lies in this gravitational-center stable zone Ag with 
the rear axle 16 under swing restriction, the lateral sta- 
bility of the vehide is maintained. The gravitational- 
center stable zone on a horizontal plane with the rear 
axle 16 free to swing is a triangular area Eg which is 
formed by connecting the ground points pfo of tx)th 



outer wheels 8a and the point Pc lying at the center 
between the ground polrrts Pr of botfi rear wheels 19. 
When the vehicle's gravitational center Pg lies in this 
gravitational-center stable zone Bg with the rear axle 16 
5 free to swing, the lateral stability of the vehicle is main- 
tained. 

For the single-tire vehicle, the gravitational-center 
stable zone with the rear axle 16 under swing restriction 
Is a trapezoidal area Cg (shown in Rgure 5 as a redan- 

10 gle for the sake of convenience) which is formed by con- 
necting tiie ground points pfi of botii single front wheels 
8b and the ground points Pr of botii rear wheels 1 9. The 
gravitational-center stable zone witin tiie rear axle 16 
free to swing is a triangular area Dg which is formed by 

IS connecting tiie ground points pfi of both single front 
vyfheels 8b and the point Pc lying at the center between 
the ground points Pr of botii rear wheels 19. 

The outer wrtieels 8a widen the gravitational-center 
stable zones Ag and Bg of the double-tire vehicle, which 

20 are defined when tiie swinging of the rear axle 16 is 
restricted and when the swinging of the rear axle 16 is 
permitted, in the lateral direction of the vehicle in com- 
parison to the gravitational-center stable zones Cg and 
Dg of the single-tire vehicle. 

25 Whether or not tiie vehide is actually stable in tiie 
lateral direction can be expressed by the minimum dis- 
tance between the vehicle's gravitational center Pg on 
the center line Lc and the outer boundary of each grav- 
itational-center stable zone. That is, this minimum dis- 

30 tance represents how difficult it is for the vehicle's 
gravitational center Pg to move beyond each gravita- 
tional-center stable zone when the vehicle tilts in tiie lat- 
eral direction v/hiie tiie rear axle 16 is under swing 
restriction or in a swing free state. If the vehicle's gravi- 

3S tational cerrter Pg lies at a certain point A. as shown in 
Rgure 5, the lengtii of a line extending from the point A 
(vehicle gravitational center Pg) and perpendicularly 
intersecting the outer boundary of the gravitational- 
cent^ stable zone Bg, i.a, the minimum distance L1. 

40 indicates the lateral stability of the double-tire vehicle 
with the rear axle 1 6 in a swing free state. Likewise, the 
length of a line extending from the point A (vehicle's 
gravilationai center Pg) and perpendiculariy intersecting 
the outer bourxiary of the gravitational-center stable 

45 zone Cg, i.e. the minimum distance L2, indicates the - 
lateral stability of the single-tire vehide witii the rear 
axle 16 under swing reaction. y 

This implies that when the point A li^ at the posi- 
tion where the minimum distance LI with the rear axle 

so 16 of the double-tire vehicle in a swing free state 
becomes equal to the minimum distance L2 with the 
rear axle 16 of the single-tire vehicle under swing 
restriction, and the vehide's gravitational center Pg lies 
frorrtward of the vehicle witii respect to the point A. the 

55 lateral stability of the vehide becomes greater when the 
rear axle 16 of the double-tire vehide undergoes swing 
restriction than when the rear axle of the single-tire vehi- 
de is under swing restriction. 
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The front stable zone Sg is set in front of the point A 
or frontward of the gravitat'onal-center stable zone Ag, 
when the vehicle's gravitational center Pg on the center 
line LI on a horizontal f^ane lies in this front stable zone 
Sg. Thus, the sufficient lateral stabilit/ of the vehicle is 5 
maintained without restricting the swinging of the rear 
axle 16. The CPU 34 determines if the vehicle's gravita- 
tional center Pg on the center line Lc is located in the 
front stable zone Sg. 

When the vehicle's gravrtatonal center Pg on the 10 
center Gne Lc lies in the front stable zone Sg, the CPU 
34 determines that the lateral stability of the vehicle is 
sufficient even if the rear axle 16 is set In a swing free 
stata In this case, the CPU 34 does not restrict the 
swinging of the rear axle 16 even if the swinging of the is 
rear axle 16 should be restricted when the lifted height 
Hs is equal to or greater than the set value HO or when 
the weight Ws is equal to or greater than the set value 
WO. In this control, the CPU 34 tries to secure the longi- 
tudinal stabilit/ of the vehicle In a load carrying situation 20 
with the rear axle 16 set free to swing, rather than 
inproving the lateral stability of the vehicle based on the 
load state. 

The operation of the swing control apparatus will be 
explained below with reference to the flowcharts shown 2s 
in Rgures 7 to 9. 

When entering the swing control proems, the CPU 
34 reads the detection signals from the sensors 12-14, 
20, and 21 in step 1 (hereinafter expressed only as "SI** 
and the same will be applied to other steps). 30 

In S2, the CPU 34 computes the lateral accelera- 
tion Gs teased on the vehicle speed signal and the steer- 
ing angle signal, and determines if the computed lateral 
acceleration Gs is equal to or greater than the set value 
GO. When determining in S2 that the lateral acceleration ss 
Gs is equal to or greater than the set value GO. the CPU 
34 sets "1 " to the flag Fg in S3 and then proceeds to S4. 
When determining in S2 that the lateral acceleration Gs 
is less than the set value GO. the CPU 34 sets '*0' to the 
flag Fg before proceeding to S4. 40 

In S4, the CPU 34 computes the rate of change in 
yaw rate Aca/At based on the vehicle speed signal and 
the steering angle signal. arxJ determines if the com- 
puted rate of change in yaw rate Aoo/At is equal to or 
greater than the set value yO. When determining in S4 45 
that the computed rate of change in yaw rate Aco/At is 
equal to or greater than the set value yO, the CPU 34 
proceeds to S6 and sets "1" to the flag Fy. The CPU 34 
then proceeds to S7. When determining in 34 that the 
computed rate of change in yaw rate AcVAt is smaller so 
than the set value yO, the CPU 34 proceeds to S8 and 
sets "0" to the flag Fy. The CPU 23 then proceeds to S7. 

In 37, the CPU 34 estimates the position of the 
vehicle's gravitational center Pg on the center line Lc 
based on the height signal, the weight signal arrd the ss 
mast angle signal, and determines if the estimated vehi- 
cle's gravitational center Pg Ges frontward of the point A, 
i.e.. if the gravitational center Pg lies in the front stable 



zone Sg. When determining in 37 that the vehicle's 
gravitational center Pg is not located in the front stable 
zone Sg. tiie CPU 34 executes S9. which is shown in 
Rgure 8. 

In 39, the CPU 34 computes the lifted height Hs 
based on tfie height signal, and determines if the com- 
puted lifted height Hs is equal to or greater than the set 
value HO. When determining in 39 that the computed 
lifted height Hs Is equal to or greater tiian the set value 
HO. the CPU 34 proceeds to S10 and sets "1" to the flag 
Fh. The CPU 3 then proceeds to S1 1 . When determin- 
ing in 39 tiiat tiie confuted lifted height Hs is snnaller 
ttian the set value HO. tiie CPU 34 proceeds to 312 and 
sets "0" to the flag Fh before proceeding to 31 1 . 

In 31 1 , tiie CPU 34 computes tiie weight Ws based 
on the weight signal, and determines if the computed 
weight Ws is equal to or greater tiian tiie set value WO. 
When determining that the computed weight Ws is 
equal to or greater than the set value WO. the CPU 34 
sets "r to tiie flag Fw in 313 and proceeds to SI 4. 
When detenmlning In 31 1 that the computed weight Ws 
is smaller than the set value WO. ttie CPU 34 sets "0" to 
tiie flag Fw in 315 before executing 314. 

In 314. the CPU 34 detenrnines if at least one of tiie 
flags Fg. Fy. Fh and Fw is set at "1". When any one of 
ttie flags Fg, Fy, Fh and Fw is set at "1 the CPU 34 sets 
"r to the flag Fsl in 316. When all tiie flags Fg, Fy, Fh 
and Fw are "0" in 314. the CPU 34 sets "0" to the flag 
Fsl in 31 7 and then terminates this process. 

After execution of the swing control process when 
carrying out the main program, the CPU 34 keeps sup- 
plying the excitation current if the flag Fsl is "O" and 
stops supplying the excitation current if the flag Fsl Is 
T. When any one of the lateral acceleration Gs, the 
rate of change in yaw rate Aco/At tiie lifted height Hs and 
tiie weight Ws is equal to or greater than the associated 
set value GO, yO, HO or WO, the electromagnetic control 
valve 28 is switched to tiie block position 28a from ttie 
communication position 28b to prohibit the flow of the 
hydraulic fluid between both oO rooms R1 and R2 in the 
f^raulic cylinder 22. This restricts the actuation of the 
hydraulic cylinder 22 and prohibits the swinging of the 
rear axle 16 with respect to the body frame 15. Thus, 
the vehicle's state during turning is determined, based 
on tiie lateral acceleration Gs or the rate of change in 
yaw rate Ao/Al When the d^enmination result shows 
tiiat the lateral stability of the vehicle will get lower, the 
swinging of the rear axle 16 s restricted to guarantee 
stability. 

When the transportation state of the cam'ed load is 
determined leased on the present lifted height Hs or 
weight Ws and when there is a possibility that the lateral 
stability of tiie vehide may decrease, the swinging of the 
rear axle 1 6 is restricted to gwrantee the lateral stability 
of the vehicla In such state, even if the rear wheels 19 
ride over a bump on a road as the forklift travels, the rear 
axle 16 do^ not swing. Thi^ the rear portion of the 
vehide is devated by the bump. As a result, the vehicle 
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titts forward. However, since the vehicle's gravilaiional 
center Pg on the center line Lx; along a horizontal plane 
is located reanvard of the point A or in the rear portion 
of the gravHational-center stable zone Bg. the v^ide 
maintains longitudinal stability. 

When it is determined in S7 that the vehicle's grav- 
itational center Pg lies in the front stabfe zone Sg. the 
CPU 34 proceeds to S18. which is shown in Rgure 9. In 
S18. the CPU 34 determines if either one of the flag Fg 
and the flag Fy is "1 When either the flag Fg or the flag 
Fy is "1", the CPU 34 sets "1" to the flag Fsl in S19. 
When both flags Fg and Fy are "0" in SI 8, the CPU 34 
sets "0" to the flag Fsl in S20. 

After execution of the swing control process when 
carrying out the main program, the CPU 34 stops sup- 
plying the excitation current when the flag Fsl is "1" and 
the CPU 34 keeps supplying the excitation current when 
the flag Fsl is "0". If the vehicle's gravitational center Pg 
on the center line Lc on a horizontal plane lies in the 
front stable zone Sg, therefore, when and only when the 
lateral acceleration Gs is equal to or greater than the set 
value GO or when the rate of change in yaw rate WAt 
is equal to or greater than the yO. the actuation d the 
hydraulic cylinder 22 is prohibited to restrict the swing- 
ing of the rear axle 16. That is. even if the lifted height 
Hs is equal to or greater than the HO or even if the 
weight Ws is equal to or greater than the set value WO, 
the rear axle 16 is set in a swing free state both when 
the lateral acceleration Gs is smaller than the set value 
GO and when the rate of change in yaw rate WAt is 
smaller than the set value yO. 

When the vehicle's gravitational center Pg on the 
center line Lc on a horizontal plane lies in the front sta- 
ble zone Sg where the lateral stability of the vehicle is 
high without restricting the swinging of the rear axle 16, 
the swinging of the rear axle 1 6 is set free to swing even 
if the weight Ws is equal to or greater than the WO or the 
lifted height Hs is equal to or greater than the HO. When 
the rear wheels 19 ride over a bump T when traveling 
along a road, as shown in Rgure 6. the rear axle 16 
swings with Ixjth front wheels 8 on the ground. Accord- 
ingly, the maximum elevated amount of the rear portion 
of the vehicle does not increase, thus suppressing the 
forward tilting of the vehicle. 

As apparent from the detailed description given 
above, the swing control apparatus of this emboc&nent 
has the following advantages. 

(a) In a vehicle which front wheels 8 employ double 
tires and which rear axle 16 is swingable, tiie swing- 
ing of the rear axle 16 ^ restricted in accordance 
with the weight Ws or the lifted height Hs of the load 
carried by the fork 4. This secures the lateral stabil- 
ity of the vehicle When the vehicle's gravitational 
center Pg on the center line Lx is located in the front 
stable zone Sg in the gravitational-center stable 
zone Ag, swing restriction of the rear axle 16 is not 
carried out in accordance with the weight Ws and 



the lifted height Hs. 

When the lateral stability of the vehicle is suffi- 
cient and the swinging of the rear axle 16 need not 
be restricted, swing restriction of the rear axle 16 is 

5 not based on tfie lifted height Hs or ttie weight Ws. 

Therefore, if the rear wheels 19 ride over the bump 
T with the vehicle's gravitational center Pg lying at 
tiie front portion of the vehicle as a result of the 
vehicle carrying a heavy load or as a result of a 

10 tilted mast, the rear axle 16 swings witti botti front 
wheels 8 contacting the ground. This suppresses 
tfie forward tilting of the vehicle. This maintains tiie 
lateral stability of the vehicle as well as tiie longitu- 
dinal stability of the vehicle. 

15 

(b) The vehicle's gravitational center Pg on the 
center line Lc is predicted based on the weight Ws. 
tiie lifted height Hs and the mast angle 62. This 
enhances the accuracy of positional estimation in 

20 comparison to when tiie vehicle's gravitational 
center Pg is estimated from only the weight Ws and 
the lifted height Hs. This permits swinging of the 
rear axle 16 when the vehicle's gravitational center 
Pg lies in tiie front stable zone Sg, and suppresses 

25 fonvard tilting of the vehicle when the rear wheels 
19 ride over a bump. 

(c) As the hydraulic cylinder 22 for swing restriction 
serves as a damper for absorbing the swing action, 

30 it is unnecessary to provide a separate shock 
absorber like a hydraulic damper. This provides 
more space and facilitates the installation of the 
hydraulic cylinder 22. 

35 (d) The present invention is applied to a double-tire 
foridrft which is frequentiy used witii the vehicle's 
gravitational center lying at tiie front side of the 
vehicle and whose rear axle 16 is supported in a 
swingable manner. Therefore, the lateral stability of 

40 the double-tire forkiift when canrying a heavy load 
Gfted up high is guaranteed arKi the fonA^ard tilting of 
the fbrWift when the rear wheels 19 ride aver a 
burrp T is suppressed thus guaranteeing longitudi- 
nal stability. | ' 

45 

(e) Since the electromagnetic control valve 28 is a 
normally closed type valve, the actuation of tiie 
hydraulic cylinder 22 is restricted when tfie control 
unit 32 fails. When ttie control unit 32 fails, ttie 
so swinging of tiie rear axle 1 6 is restricted so that the 
bad may be carried to a certain location in a stable 
state before repairing the control unit 32. 

It should be afferent t those skilled in the art that 
S5 tiie present invention may be embodied in many other 
specific forms without departing from the spirit or scope 
of the invention. Particularly, it should be understood 
that the invention may . be enrttxxiied in tiie following 
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forms. 

In the preferred and illustrated embodiment the 
front stable zone Sg exterKis frontwvard from the point A 
where the minimum distance LI from the vehicle's grav- 
itational center Pg to the boundary of the gravitational- s 
center stable zone Bg is equal to the minimum distance 
12 from the vehicle's gravitational center Pg to the 
boundary of the gravttational-center stable zone Cg. 
However, the start point of the front stable zone Sg may 
be set in front of the point A to cope iwith erroneous io 
detections of the sensors. In such case, the swinging of 
the rear axle 16 is not restricted if the actual vehicle's 
gravitational center Pg lies in the front stable zone Sg. 
This guarantees the longitudinal stability of the vehicle. 

The swing control apparatus may further indude a is 
swing restriction device for restricting the swinging of 
the rear axle 16 under a predetermined swing restriction 
condition based on the load state, a gravitational cerrter 
detecting device for detecting the vehicle's gravitational 
center relative to the vertical direction of the vehicle 20 
when lifting loads, and a gravitational center determin- 
ing device for determining the influence of the forward 
tilting of the vehicle on the vehicle's gravitational center. 
In this case, when the gravitational center determining 
device determines that the vehicle's gravitational center 2s 
relative to the vertical direction is equal to or greater 
than the restriction height, the swing restriction of the 
rear axle 1 6 carried out by the swing restriction device is 
prohibited. The gravitational center detecting device 
may include the height sensor 12. the weight serrsor 13. 30 
and the mast angle sensor 14, while the swing restric- 
tion device and the gravitational center d^ermining 
device may include the control unit 32. 

Accordingly, the swinging of the rear axle is permit- 
ted when the vehicle's gravitational center relative to the 35 
vertical direction lies higher than the restriction height 
and when there is a possibility that the vehicle's gravita- 
tional center may shift forward if the rear wheels ride 
over a bump that tilts the vehicle with the rear axle under 
swing restriction. Thus, when the rear wheels ride over 40 
a bump that tilts the vehide with the vehicle's gravita- 
tional center lying on the front side of the vehicle, the lat- 
eral stability of the vehicle is maintained and the fbnward 
tilting of the vehide is suppressed. This guararrtees the 
longitudinal stability of the vehide using a simple control 45 
method. 

The restriction control device may be designed to 
restrict the swinging of the rear axle 1 6 only under a pre- 
determined swing restriction condition based on at least 
one of the detection values conresponding to the turning so 
state of the vehicle with front double-tire wheels, such 
as the vehicle speed V. the steering angle 61 . the lateral 
acceleration Gs and the rate of change in yaw rate 
Aflo/At. With this structure, under the drcumstance 
where the lateral stability of the vehide is not reduced 55 
by the turning of the vehide, sufTident lateral stability of 
the vehide can be secured even when swing reaction 
should be conducted based on the parameters indicat- 



ing the load canying state, such as the lifted height Hs, 
tiie weight Ws and tiie mast angle 02. so tiiat the rear 
axle 16 is allowed to swing. Even if the rear wheels 19 
go over a bump T when the vehicle's gravitational center 
Pg lies in the front portion of the gravitational-center sta- 
ble zone Bg which does not provide suffident space for 
the longitudinal stability of the vehide, the longitudinal 
stability of the vehicle can be maintained while securing 
tiie lateral stability of the vehicle when the rear wheels 
19 go over the profruding portion T. 

In this case, the lateral acceleration Gs or the rate 
of change in yaw rate Aco/At may be computed from tiie 
vehide speed V and tiie steering angle ei. or may be 
directiy detected by a lateral acceleration sensor or a 
yaw rate gyroscopa 

When the rate of change In yaw rate Aco/At is used 
as a detection value, swing restriction can be canried out 
at tiie beginning of a turn or when the forWifl changes 
directions. This secures the lateral stability of the vehi- 
de at the begnning of tuming or when changing direc- 
tions. 

The swing restriction condition may one of the con- 
ditions for the load weight Ws. the lifted height Hs, the 
mast angle 62 and the like, or may be a combination of 
these parameters. It is also possible not to perform 
swing restriction on the rear axle 1 6 based on the detec- 
tion values corresponding to the turning state of tiie 
vehide. such as the vehicle speed V. the steering angle 
61 , the lateral acceleration Gs and the rate of change in 
yaw rate Aco/At 

To accurately detect the vehicle's gravitational 
center Pg on an indined location, a tilt sensor may be 
provided on the mast so that the vehide's gravitational 
center Pg in the longitudinal direction is detected based 
on the absolute tilt angle of the mast This structure can 
ensure tiie longitudinal stabOity of the vehicle while 
securing the lateral stability of tiie vehicle, even when 
the rear wheels of the vehicle go over a bump on a 
sloped road. 

The detection of the weight Ws need not be 
detected by a pressure sensor (the weight sensor 1 3) in 
correspondence witii the hydraulic pressure of the lift 
cylinder 7 and may be rather be detected by using a 
load cell or pressure-sensitive conductive rubber. For a 
vehide which carries a plurality of objects having a con- 
stant weight Ws. the presence or absence of the load 
may be detected instead of detecting tiie weight of tiie 
loada 

The means for detecting the lifted height Hs is not 
limited to a reel type sensor (height sensor 12), but may 
be an ultrasonic s&isor which continuously detects the 
lifted height Hs. Further, a limit switch, a proximity 
switch, a photosensor or the like, which detects the lifted 
height step by step, may also be used^ 

Detection of the mast angle 62 is not limited to tiie 
indirect detection of the rotation amount of the tilt cylin- 
der by means of a potentiometer (mast angle sensor 
13), a rotary encoder or the like, tjut may be carried out 



8 



15 



EP 0 891 883 A1 



16 



directly by means of a tilt sensor provided on the mast 

The electromagnetic control valve 28 may be a nor- 
mally open type vah/e. In this case, the actuation of the 
hydraulic cylinder 22 is permitted when the electromag- 
netic control valve 28 due to a failure in the control unit 
32. It is thus possible to allow the rear axle 16 to swing 
when swing control cannot be executed. 

The present invention is not limited to a swing con- 
trol apparatus of the type which restricts the swinging of 
the rear axle 1 6 by using a multiple action hydraulic cyl- 
inder 22 provided only on one side of the rear axle 16. 
The present invention may also be allied to a swing 
control apparatus which restricts the swinging of the 
rear axle 16 by using single action hydraulic cyTtnders 
provided on both sides of the rear axle 1 6. 

The present invention is not limited to a fbrklift 
which ennploys double-tire front wheels, but may also be 
applied to a forkitft which employs wide, single-tire front 
wheels. In this case, the stability of the vehicle is 
improved by the Increased widths of the front wheels. 

The present invention is not limited to a torkfift and 
may be applied to any other type of industrial vehicle, 
such as a shovel loader having a swingable rear axle. 

Therefore, the present examples and embodiment 
are to be considered as illustrative and not restrictive 
and the invention is not to be limited to the detaOs given 
herein, but may be modified within the scope and equiv- 
alence of the appended claims. 

An industrial vehicle for conveying a load mounted 
thereon has a frame. A pair of front wheels is rotatably 
mounted on the frame. Each front wheel includes an 
outer tire and an Inner tire. A rear axle is pivotaily sup- 
ported on the frame. A pair of rear wheels is rotatably 
mounted on the rear axle. A restriction apparatus \s pro- 
vided for selectively permitting and restricting the pivotal 
motion of the rear axle in accordance with the state of 
the carried load. A detecting device is provided for 
detecting a center of gravity of the vehida The restric- 
tion apparatus permits the pivotal motion of the rear 
axle when the center of gravity is located within a prede- 
termined stable zone. 

Claims 

1. An industrial vehicle for carrying a load, the indus- 
trial vehicle comprising: 

a frame; 

a pair of front wheels rotatably supported by 
the frame, each front wheel fitted with an outer 
tire and an inner tire; 

a rear axle supported by the frame, wherein the 
rear axle is pivotal with respect to the frame; 
a pair of rear wheels rotatably mounted on the 
rearaxi ; 

a restriction apparatus for selectively p&mitting 
and restricting the pivotal motion of the rear 
axle in accordance with the state of the carried 



load; 

a detecting device for detecting a center of 
gravity of the vehicle; 

wherein tiie restriction apparatus permits the 
5 pivotal motion of the rear axle when til center 

of gravity is located within a predetermined 
zone. 

2. The industrial vehicle according to Claim 1 , wherein 
10 tiie predetermined zone is defined to the rear of 

points where the front tires contact the ground and 
in between the inner tires. 

3. The industrial vehicle according to Claim 2, wherein 
IS the predetermined zone is defined within a rectan- 
gular area defined by points where the inner tires 
contact the ground and points where the rear 
wheels contact the ground. 

20 4. The industrial vehicle according to Claim 2, wherein 
the vehicle has a center line, the center line extend- 
ing through a rear center point located between the 
contact points of the rear wheels and a front center 
point located between the contact points of the 

25 \nn& tires; 

wherein the vehicle has a triangular area 
defined between the rear center point and points 
where the outer tires contact the ground; 

wherein the center line includes a predeter- 

30 mined stable point that is defined by a first distance 
from the center line to an outer twundary of the tri- 
angular area and a second distance from the center 
line to an outer boundary of the rectangular area, 
the first and tiie second distances being equal to 

35 ea(^ other; and 

wherein the predetermined stable zone is 
located in front of the predetermined stable point. 

5. The Industrial vehicle according to Claim 4, wherein 
40 the Industrial vehicle includes a forklift, wherein th 
forkiifl has a fork for lifting a load and a mast for lift- 
ing and lowering the fork, wherein the mast Is inclin- 
able. 

45 6. The industrial vehicle according to Claim 5, wherein - 
tiie detecting device includes: 

y 

a Gft amount sensor for detecting a lift amount 
of the load; 

50 a weight sensor for detecting the weight of tiie 

load; and 

a mast angle sensor for detecting tiie inclina- 
tion of tine mast; 

wherein the detection device estimates the 
55 c«Tter of gravity of th vehicle based on the lift 

amount, the load weight, and the mast inclina- 
tion. 
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7. The industrial vehicle according to Claim t, whe'ein 
the restriction apparatus comprises: 

a cylinder for connecting the rear axte to the 
frame, the cylinder permitting fte pivotal s 
motion of the rear axle by expanc&ng and con- 
tracting in correspondence to the prssure pro- 
duced by hydraulic oil; 
a conduit for supplying the oil to the cy&ider; 
a control valve connected to the conduH for io 
selectively opening and closing the conduit; 
and 

a control unit for controlling the confrd valve, 
wherein the supply of the oil from the conduit to 
the cylinder is permitted when the conduit is is 
opened, and wherein the supply of the oif is 
stopped when the conduit is dosed. 

8. The industrial vehide according to Claim 6 further 
comprising: 20 

a speed sensor for detecting the speed of vehi- 
cle; 

a wheel angle sensor for detectmg a wheel 
angle of the rear wheels: and 2s 
an operational unit for calculating a lateral 
acceleration applied to the vehicle and a yaw 
rate dianging rate based on the speed of vehi- 
cle and the wheel angle. 

30 

9. The industrial vehicle according to Claim 8 whorein 
the vehicle has a control unit, wherein tfie control 
unit determines whether the lateral accderation is 
greater than a predetermined referm» value, 
determines whether the yaw rate change rats is 35 
greater that a predetermined ref^ence value, and 
determines whether the center of gravdy s within 
the predetermined zone, and wherein wh^ the 
control unit determines that the center of gravity is 
within the predetermined zone, the control unit con- 40 
trols the restriction apparatus to restrict the pivotal 
motion of the rear axle based on the determination 
results with respect to the lateral accelerafion and 
the yaw rate changing rate. 

45 

1 0. The industrial vehide according to Qaim 9, whe^ein 
when the control unit determines that the center of 
gravity is not within the predetermined zone, the 
control unit determines whether the vraA angle is 
greater that a predetermined reference vatue, and so 
determines whether the load weght is greatier tfian 

a predetermined reference value, wheran tfie con- 
trol unit controls the restriction apparatus to restrict 
the pivotal motion of the rear axle based on the 
determination results with respect to tfte lateral 55 
acceleration, the yaw rate changing rate, the mast 
angle, and the load weight. 
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